Transport corridors to stimulate regional integration and trade have become a popular development tool. But when they fail to generate the expected wider economic benefits, they can become wasteful or unequitable investments. This paper evaluates the relative strengths and weaknesses of econometric methods as applied today to appraise the proposed placement of transport corridors and the project design to distribute benefits more widely; the future potential of these methods; and an emerging synthesis in some recent studies. The review focuses on network, reduced-form, and structural (general equilibrium) econometrics. At the current juncture, from the policy-making perspective, combining network econometrics based on the notion of centrality with reduced-form regressions comprising interactive effects could be the most practical approach. Future research could focus on advancing structural general equilibrium econometrics to cover multiple markets together with network econometrics to consider the interaction of heterogeneous agents.
Introduction
Put simply, countries build transport corridors with the hope of creating large aggregate surpluses while avoiding the risk of white elephants (wasteful infrastructure that is not used). If indeed created, these aggregate surpluses need to be distributed fairly-that is, diffused efficiently throughout the population-to maximize social welfare. Two questions are thus crucial in assessing a transport corridor proposal: (1) Is the proposed placement of the corridor the best possible, and (2) Do the interventions complementing the trunk (main) infrastructure investment ensure fair distribution of net economic benefits across the population?
The placement of a corridor is typically chosen to maximize the impact on cross-border, regional, and transregional integration and trade. The overall corridor package could also include complementary interventions (geographically specific and spatially informed policy and institutional reforms) to address existing market frictions and missing public goods that constrain the fair distribution of economic benefits the most.
Traditionally, questions (1) and (2) have been addressed through piecemeal cost-benefit analysis. However, faced with many proposals for transport corridors with uncertain net economic benefits, limited funding, 1 and competing public investments such as education and health─which carry high opportunity costs─policy makers are calling for more rigorous appraisals of the two questions. How can policy makers tell which proposal could be economically more promising, and how it can be improved to amplify and fairly distribute the wider economic benefits (WEBs)-
1
In cases where fiscal positions are weak, the private sector is not interested in social returns, and/or the public and private sectors both face uncertainty in investing in transport corridors and associated infrastructure.
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including income, consumption, social inclusion, equity, environmental quality, and economic resilience? 2 Econometrics with spatial data can provide more detailed and comprehensive analysis at a more localized level to meet policy makers' needs. This paper discusses the relative ability (comparative advantages) of the approaches to help policy makers appraise the proposed placement and design of corridor intervention packages for large transport infrastructure investments. The discussion groups the econometric approaches into three categories: singleequation, reduced-form (RF), structural (general equilibrium) (GE), and agent network econometrics.
Although many of these approaches have been applied in ex post evaluations after investments have been made, the emphasis here is on rigorous ex ante evaluation during the planning stage, going beyond conventional cost-benefit analysis. The focus is not on the theories motivating these modeling approaches. For instance, the theory of new economic geography (NEG) can motivate both the application of reduced-form and structural (general equilibrium) econometrics using spatial data. Similarly, more than one theory could motivate the application of reduced-form econometrics. For instance, both the theories of trade gravity and new economic geography could motivate application of least square regressions.
Most recently, several studies have reviewed the literature on the impacts of transport infrastructure investments to summarize and organize its approaches and findings. Some use more qualitative approaches (Berg et al. 2017; Redding and Turner 2014; Straub 2011; Bosker and Garretsen 2010) , while others use more quantitative methods (Melo, Graham, See ADB, DFID, JICA, and WBG (forthcoming), which defines five categories of wider economic benefits (WEBs): economic welfare, social inclusion, equity, environmental quality, and economic resilience. 2013; Bougna et al. forthcoming) . Although they discuss the comparative advantages of different modeling approaches (see, for instance, Redding and Turner 2014), they do not emphasize the ex ante perspective of project appraisals and the possible range of econometric approaches policy makers could consider as more reliable. For instance, Bakker, Koopmans, and Nijkamp (2010) take the project appraisal perspective, but focus mainly on cost-benefit analyses in the urban context. Laird and Veneables (2017) also take the project appraisal view, proposing a disciplining structure to encourage more rigorous cost-benefit analysis. But their useful think piece stops at intermediate development outcomes (such as productivity)-apart from employment-rather than the ultimate goal of WEBs that matter to households. This paper focuses on the ex ante perspective and WEBs to fill a gap in the literature, inform policy makers, and provide some direction for future research that could better inform policy-making decisions on transport corridors. This paper does not go as far as reviewing the different objective functions that policy makers could have, and that could be empirically derived from data. Although policy objectives and preferences are crucial for policy decisions, they can be separated from the appraised expected impacts of corridor interventions. At least, this paper assumes so. The policy objective function simply weighs the appraised expected impacts-such as the expected positive impact on income versus the expected negative impact on environmental quality. The weights can be zero if policy makers ignore some outcomes. The outcomes that enter the policy objective function could refer to a country, if the policy maker is the national government, or to a region or continent if the decision maker is a supranational entity such as an international organization. Hence, the level at which policy making is conducted can also determine decisions about corridors. For example, Bougna et al. (forthcoming) propose a simple policy-maker's objective function allowing for multiple wider economic benefits.
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The remainder of the paper is organized as follows. Sections 2, 3, and 4 discuss the network, reduced-form, and structural (general equilibrium) econometrics, and the comparative advantages of the current applications of these strands of econometrics to appraise the placement and potential for wider economic benefits. Section 5 points to some emerging literature that strives to bridge the different econometrics approaches discussed in sections 2, 3, and 4. Section 6 concludes.
Network Econometrics
Network econometrics could be a useful approach to estimate how transport corridor investment could unleash the formation of economic corridors-that is, stimulate the geographically defined socioeconomic activity that surrounds the primarily cross-border transport corridors. However, the comparative advantage of network econometrics could be in appraising the proposed placements of corridors, rather than the intervention design for diffusing the aggregate surpluses generated across spatial units (state districts) and ultimately populations.
In its basic form, network econometrics endorses proposals to revive historical corridor routes such as the Silk Road or the Grand Truck Road.
Moving from transnational or transcontinental transport corridors to more localized contexts (urban, regional, national) , network econometrics typically concentrates on optimizing the logistics and engineering of a road (rail) transport network, for instance, in terms of travel time.
Within a given budget constraint, analyses primarily optimize the transport network, considering transport costs, typography, and existing traffic flows (Gastner and Newman 2006) . The engineering and logistics optimization does not link the transport network optimization to broader development objectives such as trade, income, or environmental quality. But recently the transport network optimizations have penetrated economics that examines such development objectives.
Consequently, hybrid papers that bridge the disciplines of engineering, logistics, and economics have been emerging (see section 5).
The idea of optimizing logistics is not far from the notion of maximizing market access. It makes sense for the placement of a transport corridor to maximize access to markets for both exporters and importers. In turn, this should create economic opportunities for those who get newly or better connected to markets. But how can the market access relevant for higher development objectives such as household income and consumption be measured best? One simple way to measure market access has been as the sum of the population in all the domestic and foreign cities above X million to which tradable goods and services can be transported from a given domestic city divided by the travel distance from the domestic city to all other domestic and foreign cities.
The benefit of connectivity to markets of big cities very far away is thus discounted to zero by the increasing transport distance (cost) (Burgess et al. 2015) . For instance, placing a trunk highway across country borders in a way that maximizes the access to markets for all cities above X million in the co-financing countries could be the policy-maker's objective when deciding on placement of a transport corridor.
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Network econometrics based on simple market access measures could miss important aspects for deciding on the placement of transport corridors. Two such aspects are the "Importance" and "Relevance" of potential market access or trade connectivity. Page et al. (1999) identify the two concepts as components of "Centrality" in the context of a different kind of web, Google's PageRank. "Importance" calls for considering whether the new (transport) connection from one city is to a "well-connected" city that offers many other connections that provide indirect connections for the first city, or to a not so "well-connected" city that does not provide these indirect markets access connections. For instance, Donaldson and Hornbeck (2016) adjust the simple measure of market access for Importance.
The "Relevance" of the potential direct and indirect connections that a transport corridor can provide also needs to be considered. For example, the potential of connecting to big but already highly competitive markets may not be as useful for a particular city in a developing country as connecting to another big city with less competitive markets that the country's exporters can penetrate more easily with old or new products. For instance, Baum-Snow et al. (2016) consider the Relevance of market access and adjust for market competition in their market access measure.
But Relevance could be a much richer concept, including matching demand preferences and supply industry structure as well as distinguishing between market access Relevance for exporters and importers (Duranton, Morrow, and Turner 2013) . For instance, in calculating market access, the possible new transport connection of a pork exporting district in country A to a large Jewish city in neighboring country B could be viewed as offering new market potential. However, this market could be irrelevant for the pork exporting district and should be heavily discounted.
Existing transport and trade obstacles (such as prohibitive border crossings, and tariff and nontariff trade barriers) need to be considered for Relevance too. The literature on trade 8 connectivity considers such aspects of Relevance, but without the focus on the WEBs to households along transport corridors (Baniya et al. 2017) . The probability of removing these obstacles in the future also affects the Relevance of the potential new connections.
Given the growing number of considerations, the Relevance and Importance-and thus the Centrality-of a proposed transport corridor could be summarized by spatial propensity scores that capture the extent to which exporters and importers in each location-such as a district through which the potential transport corridor would pass-would benefit from the new connectivity and market access. But even such rich and spatially disaggregated propensity scores could fall short of the future reality because of changing global value chains, urbanization, and development strategies of cities. Such dynamics could be important for determining transport corridor placement.
In this dynamic context, potential cities to be connected by transport corridors could be thought of as agents with varied decision rules (heterogeneous response functions). Similarly, corporations that shape the growth of these cities could decide to revise their global supply chains as market dynamics change. Suppose that, in the next 20 years, one city wants to become an international financial center, another city wants to attract research and development clusters and become the next Silicon Valley, and yet another city wants to become a major manufacturing hub.
These three cities would be expected to respond to the potential of connectivity differently.
Further, knowing or observing the responses of other cities, a city can reinforce its strategy or change it. Considering agents' varied decision rules could be important for determining which two 9 cities (in bordering countries) are the priority to connect through transport corridors and through which mode of transport (road, rails, waterways, airways).
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To exploit the full potential of network econometrics and incorporate the historical, current, and forward-looking perspectives, Agent Based Modeling (ABMs) 5 could be helpful. As the system-wide general equilibrium econometrics to reduced-form regression, ABMs could provide greater structure to network econometrics identifying how a corridor intervention could affect different cities, countries, regions, and continents directly and indirectly through second-round and systemic interactions. But as general equilibrium econometrics, ABMs need many assumptions.
Their highly nonlinear nature makes them prone to big errors if mis-specified (even partly).
Moreover, simpler market access measures could be readily linked to development outcomes such as income growth, at least in a reduced-form manner (Donaldson and Hornbeck 2016; Duranton, Morrow, and Turner 2013) . This second step could be prohibitive for more complex network econometric approaches such as the ABMs.
Given the state of development in network econometrics, a combination of approaches could be useful to help determine priority placements for transport corridors. Computations based on the notion of "centrality" could be the most reliable at the current juncture. In contrast, more research into developing Agent Based Modeling that views cities as heterogeneous agents could be the most promising to help determine corridor placements in the future. 4 Railway and waterways are more suitable for bulk transport, while roads and airways could be more suitable for fragmented supply chains (boutique production such as Italian shoes) or high-value perishables (Maldivian tuna to Japan).
5
See https://en.wikipedia.org/wiki/Agent-based_model.
Reduced-Form Econometrics
Single-equation, reduced-form (RF) econometrics is the most popular method in the literature to evaluate the ex post impact of transport infrastructure on development outcomes. The most rigorous set-ups involve difference-in-difference estimation (based on a carefully selected control group) with an instrumental variable(s) (IV) (to address possible biases due to endogenous placements). Such a set-up is often complemented by a set of conditioning variables, matching techniques, or placebo treatments to further sharpen identification (Bougna et al. forthcoming; Redding and Turner 2014) . 6 With proper IV identification and controls, reduced-form regressions are readily applicable to ex post evaluations. Further, their flexible functional form helps in adding interaction terms to study varied (heterogeneous) effects and the effects of complementary policies (Melecky et al. forthcoming) . Carefully selecting control groups and finding both a valid and relevant instrument-one that is both exogenous to the dependent variable and able to sufficiently explain the treatment variable-are probably the biggest technical struggles for the RF literature.
The main issue for policy decision making is that reduced-form regressions do not enable structural identification of the transmission mechanisms and the analysis of general equilibrium (system-wide) effects-including second-round (indirect) effects and effects beyond the immediate vicinity of the transport corridor. Moreover, the traditional reduced-form set-ups are constrained to analyzing the corridor effect on one development outcome at a time. To date, RF regressions have typically focused on the effects near transport corridors and not those further away. While using macroeconomic data and simulations lacks locational specifics compared to spatial data, it could be a good complement to capture more system-wide (general equilibrium) effects when using RF econometrics.
Structural (General Equilibrium) Econometrics
The second most popular econometrics for appraising the impact of transport connectivity on development outcomes is structural econometrics, including structural general equilibrium (GE), using calibrated or estimated parameters (Bosker, Deichmann, and Roberts 2015; Burgess and Donaldson 2012) . It helps analyze several development outcomes jointly, while identifying clear transmission channels, linking model parameters to micro-founded behaviors, and considering feedback effects and counterfactuals. The potential of these models is great. But the current applications are rather far from exploiting it. However, if not in line with the actual data-generating process, these restrictions could result in low fit to the data (reality) and low predictive ability.
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This is not to imply, however, that GE econometrics should be seen as inferior for future policy making and abandoned. On the contrary, more effort is needed to develop this promising econometric tool for transport corridor appraisals-probably the most promising for appraising the wider economic benefits (WEBs) of transport corridor interventions. These developments should focus on covering all important markets, heterogeneous impacts, and system estimations that could help improve the data fit of structural GE and other structural models. The econometrics also need to be back-tested, including simulating moments of the model variables and comparing them to the moments of actual data. For comparison to RF models to be fair, one must compare the log-linearized version of the nonlinear structural GE models to the RF models. But in this case, the predicted number of relevant variables to be included in the econometrics is typically smaller than the number typically used by RF models. Also, the cross-equation restrictions are binding and increase the efficiency-robustness trade-offs, especially when the log-linearization is done at a higher-order Taylor expansion. 
Emerging Literature Bridging Different Methods of Corridor Econometrics
Some studies are trying to bridge the different econometric methods discussed in this paper to advance our understanding of the effect of large infrastructure projects on socioeconomic development.
Several studies have linked measures of market access (network econometrics) with income growth using reduced-form regressions-including estimated equations motivated by a structural model (Donaldson and Hornbeck 2016; Duranton, Morrow, and Turner 2013) . This approach, however, suffers from endogeneity and recursive problems between market access and growth.
Endogenizing market access (introducing a first-stage regression) or using instrumental variables could help. But using this approach, the literature links market access only to a single final outcome (income) at a time, not multiple outcomes. It also has not considered general equilibrium effects, including the possibility of losers in regions sending permanent migrants toward the transport corridor, and complementary interventions (such as access to finance to scale up the production of tradeable goods). Therefore, using these ex post evaluations in ex ante appraisals could be problematic.
Some academics and practitioners point to the methodological tension between reduced-form and general equilibrium econometrics. Some recent papers that compare these two econometric approaches quantitatively examine this possible tension. For instance, Rothenberg (2011 ), BaumSnow et al. (2016 ), and Alder, Roberts, Tewari (2017 compare the results of reduced-form and general equilibrium econometrics applied to the India Golden Quadrilateral (GQ) highway. While the RF and GE results differ in all studies, only Baum-Snow et al. (2016) reject the results of structural GE estimation-in favor of the RF estimation-as inferior and possibly misleading.
14 Most recently, some papers have attempted to combine network and GE econometrics (Alder 2017; Fajgelbaum and Schaal 2017) . Because the task is computationally very intensive, heuristic network rules and algorisms from operational research are used to ease the implementation of such approaches. Although the two applications do not go as far as modeling cross-border agent networks-for instance, in trade and global value chains-they are quite promising. For instance, Alder (2017) combines a network algorithm for highway placement with general equilibrium econometrics to estimate a counterfactual for the Indian policy on the Golden Quadrilateral (GQ) highway system by following China's policy for the National Express Network. He finds that the GQ construction generated aggregate income surpluses, but these surpluses were shared unequally across regions-including because the counterfactual network would have been larger than the GQ, supporting greater sharing with lagging regions and further aggregate gains. Fajgelbaum and Schaal (2017) combine operational research methods and a neoclassical trade model with mobile labor to estimate the GDP gains from optimal expansion of current road network in 25 European countries. They find large gains from such an optimal expansion. Nevertheless, cross-border applications with corresponding obstacles and imperfections are still scarce. Moreover, neglecting the role of and dynamics in movement of capital and the frictions in land use could make this econometric synthesis incompletely specified when trying to match the model to the processes generating the actual data. Hence, despite the potential leap in theoretical rigor and efficiency, its reliability in practice is problematic.
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Conclusion
There are trade-offs in using a single econometric approach to estimate the aggregate surpluses that could be generated by the placement of a large transport infrastructure project, and how these aggregate surpluses could be distributed through wider economic impacts.
The main trade-off could be between efficiency and reliability of the chosen econometric approach. Econometrics that is more explicit about the economic structure and transmission mechanisms behind economic corridors could produce much more precise and intelligent estimates if correctly and completely specified. If mis-specified (even partly) or incompletely specified, such econometrics can produce misleading results. In contrast, reduced-form econometrics struggles with endogenous placement issues and ignores indirect effects. This trade-off could apply to estimating both the optimal placement of a transport corridor and the optimal intervention design to diffuse the aggregate economic surpluses created by the corridor.
Conditional effects and interactions of corridor placement with other local factors such as market conditions, policies, and institutions are important but rarely addressed. For reduced-form regressions, the struggle to achieve clean identification-that is, separating transport infrastructure effects from other parallel effects-makes the inclusion of interactive (conditional) effects problematic. Despite possible endogeneity biases, these interactive effects need to be applied more systematically (Melecky et al. forthcoming) . Because nonlinear structural GE models are commonly log-linearized using only the first order Taylor series expansion (not a higher order one), interaction terms typically disappear from GE econometrics. But they do not need to disappear if second or higher order Taylor series expansions are used. Hence, GE econometrics has a great potential for credibly researching the conditional effects of transport corridors. Table 1 attempts to systematize the critique, policy advice, and directions for future research presented in this paper. It crudely sorts the discussed corridor econometrics by their current ability (first column) and the econometric potential (second column) to help policy makers precisely and reliably determine the corridor placement and the design of a corridor intervention package to maximize wider economic benefits. The table closes by gauging the gap between the current ability and the potential (third column). For instance, network econometrics probably has the best ability currently to address optimal placement of cross-border transport corridors. But its ability to appraise the design of a corridor intervention package for its potential to generate WEBs is rather small because network econometrics focuses more on immediate and intermediate outcomes than final development outcomes (the WEBs incurred by households). Current structural GE econometrics could be efficient in appraising expected WEBs, but its efficiency possibly comes at the cost of lower reliability. The greatest econometric potential to appraise WEBs efficiently and reliably could lie with structural GE econometrics. But considerable research is needed to realize this potential. Because the process of deciding on the placement and design of transport corridor intervention is dynamic, sequencing more reliable and more efficient econometric methods could be also useful.
Prefeasibility studies and assessments could deploy only simpler and more reliable econometrics (network econometrics focused on the concept of centrality, combined with reduced-form regressions). At a later stage, feasibility studies and project appraisals could introduce more efficient methods (network econometrics based on the integration of heterogeneous agents and structural GE econometrics) to think through possibly richer dynamics of interactions, as well as direct, indirect, and second-round effects due to the corridor intervention.
Finally, the appraisal econometrics available today still does not estimate the link between the potential for market access and the actual use of this access by firms (through trade and travel) and people (for travel for jobs, education, health care, and so on). The econometrics largely assumes the link exists and is on average the same in every context. This assumption could be problematic.
For instance, if complementary factors are needed for firms and people to embrace the market access potential provided by transport connectivity and actually use it, this link cannot be assumed.
It can be broken in many countries, or vary greatly across different economic actors and/or geographic units. Appraisal econometrics and research should aspire to shed more light on the empirics of this microeconomic mechanism-including by building on the existing anecdotal evidence (see, for example, Spotlights 1 and 2 in ADB, DFID, JICA, and WBG forthcoming).
